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(57) ABSTRACT

A self-lubricating fabric contains warp yarns or welt yarns
that are composite yarns formed from fluorinated resin yarns

and other yarns. The surface area of the other varns on one
surface of the fabric takes up 0 to 30% of the total surface

areca of the composite yarns, and the ratio of the section
diameter of the other yarns to the section diameter of the
fluorinated resin yarns in the composite yarns 1s 0.12 to 0.80.
A method for producing the seli-lubricating fabric and use of
the seli-lubricating fabric are also disclosed.

14 Claims, No Drawings
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SELF-LUBRICATING FABRIC AND
PRODUCTION METHOD AND USE
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s the U.S. National Phase application of PCT/
CN2016/092984, filed Aug. 3, 2016, which claims priority
to Chinese Patent Application No. 201510475321.1, filed

Aug. 5, 2013, the disclosures of these applications being,
incorporated herein by reference 1n their entireties for all
purposes.

TECHNICAL FIELD OF THE INVENTION

The present mvention relates to a seli-lubricating fabric
and production method and use thereof.

BACKGROUND OF THE INVENTION

At present, conventional bearings that use lubricant or
lubricating grease for lubrication during their operation have
great limitations in some special occasions ol use. For
example, for bearings for underwater operation, the lubri-
cant or lubricating grease replenishment, maintenance and
so on are very diflicult. Besides, if conventional lubricant or
lubricating grease 1s used 1n equipment for producing food
or drug, etc., the products may be contaminated easily,
resulting 1n unqualified products. In addition, for mechanical
equipment used 1n high dusty environment, such as some
equipment 1n industrial and mining enterprises will operate
under very harsh conditions, many problems will be brought
to the normal use of the mechanical equipment 1f the
conventional lubrication method 1s used, resulting 1n severe
frictional wear or even damage or failure of the moving
parts. Therefore, 1t 1s necessary to develop a self-lubricating,
tabric that can be applied to mechanical moving parts 1n
replacement of conventional lubricant and Ilubricating
grease.

As the science and technology 1s developed rapidly,
o1l-free lubrication bearings that employ pure polytetratluo-
roethylene resin (PTFE resin) as pressed faces have been
developed successively. However, 1n the actual application
process, since PTFE has very low surface energy and the
strength of bonding with the metal substrate material 1s poor,
the PIFE layer may flake ofl easily when using; besides,
since PTFE resin has a drawback of cold flow and may be
deformed irreversibly under the action of external force, the
PTFE resin layer may be worn out easily when PTFE resin
1s used as a self-lubricating material 1n a bearing. Especially,
under high load operating conditions, the bearing may be
fractured easily, and even may threaten the life safety of the
operator.

For example, in Chinese Patent Document No.
CN102535167A, a self-lubricating composite material liner
for bearing and a producing method thereof are disclosed.
The self-lubricating composite material liner 1s a fiber fabric
woven from PTFE fibers and at least one other fiber, with an
impregnating material clad on the surface of the fiber fabric
woven. Though the impregnating material attains an effect
of reducing Iriction and wear, the impregnating material 1s
clad on the entire fiber fabric woven through a spreading-
rolling process. As a result, the surfaces of the PTFE fibers
are 1mpregnated with resin. Consequently, the seli-lubricat-
ing property 1s degraded, and the molybdenum disulfide,
nanometer alumina, and super-fine fluorinated resin powder

10

15

20

25

30

35

40

45

50

55

60

65

2

constituents i the impregnating material are diflicult to be
uniformly distributed in the fiber fabric woven, resulting in

instable abrasion prool of the self-lubricating composite
material liner and therefore aflecting the long-time stable
use of the bearing.

In Chinese Patent Document No. CN102597073A, a
sliding surface material and a multi-layer sliding part having
the sliding surface material 1s disclosed. The sliding surtace
material 1s formed by impregnating phenolic resin into a
reinforcing substrate formed from a woven fabric, wherein,
the woven fabric 1s formed of warp yarns and welt yarns,
which are twisted yarns obtained by doubling and twisting
a single twist yvarn that contains fluororesin fibers and a
single twist yarn that contains polyester fibers. Though the
invention realizes low swelling property in wet environment
(e.g., water) and Irictional wear property under the same
conditions, the yarns used for the reinforcing substrate of the
sliding surface material are produced by doubling and
twisting a single twist yarn of fluororesin fibers and a single
twist yarn of polyester fibers, which are equivalent to each
other 1n terms of diameter. Consequently, the fluororesin
fibers and polyester fibers are exposed 1n almost the same
proportion on a side of the material. Then, since the pro-
portion of fluororesin fibers 1n the sliding surface 1s low, the
self-lubricating property of the shiding surface matenal 1s
alfected directly, the local temperature will be increased
rapidly during friction, and the wearing of the sliding part
will be accelerated.

In Japanese Patent Document No. 1987-79112, a belt that
1s of a conveyer belt type 1s disclosed. The surface of the belt
1s provided with reinforcing fabric texture formed from
PTFE fibers and/or a PIFE fiber layer containing heat-
resistant fibers. Though the belt in the mvention has good
anti-stripping performance, excellent heat resistance perfor-
mance, and elongation resistance performance, when 1t 1s
used to convey objects, a core-sheath yarn structure and a
double-layer fabric texture scheme have to be used to attain
those etlects. The core-sheath yarn structure employs PTFE
fibers for sheath yarn and heat-resistant fibers for core varn,
and the core-sheath yarns are used as surface warp yarns n
the weaving process. Consequently, the thickness of the
resultant fabric 1s too great, and the overall deformation of
the fabric 1s severe under the action of external force,
causing compromised dimensional stability. Besides, 1n the
weaving process, relative slippage between the core yarn
and the sheath yarn may occur in the surface warp yarns and
consequently the core yvarns may be exposed under the
action of external force in the beam-warping and weaving
procedures. When the belt 1s used to convey objects, the belt
may adhere to the conveyed objects, resulting in product
failure.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a seli-
lubricating fabric that has low friction coeflicient, excellent
wear resistance property, and high laminating strength.

Another object of the present invention i1s to provide a
method for producing a self-lubricating fabric, which
employs a simple production process, and has low cost and
zero pollution to the environment.

To attain the above objects, the seli-lubricating fabric
provided 1mn embodiments of the present invention has the
following composition:

(1) The warp yvarns or welt yvarns of the self-lubricating
tabric are composite yarns formed from fluorinated resin
yarns and other yarns, the surface area of the other yarns
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on one surface of the fabric takes up 0 to 30% of the total
surface area of the composite yarns, and the ratio of the

section diameter of the other yarns to the section diameter
of the fluorinated resin yarns in the composite yarns 1s
0.12 to 0.80.

(2) In the fabric described in the above 1tem (1), the exposed
length of the other yarns on the seli-lubricating surface of
the fabric 1s 2.5 mm or smaller.

(3) In the self-lubricating fabric described 1n the above item
(2), the surface area of the other yarns on one side of the
self-lubricating fabric takes up 2 to 30% of the total
surface area of the composite yarns, and the exposed
length of the other yarns on the seli-lubricating surface of
the fabric 1s 0.1 to 2.5 mm.

(4) In the self-lubricating fabric described in any one of the
above 1items (2) to (3), the surface area of the other yarns
on one side of the seli-lubricating fabric takes up 5 to 30%
of the total surface area of the composite yarns, and the
exposed length of the other yarns on the self-lubricating
surface of the fabric 1s 0.2 to 2 mm.

(5) In the self-lubricating tabric described 1n the above item
(1), the fluorinated resin yarns are varns formed from any
one of polytetrafluoroethylene (PTFE), dissoluble PTFE
(PFA), polyvinylidene difluoride (PVDF), fluorinated eth-
ylene propylene (FEP), ethylene-tetrafluoroethylene
copolymer (FETFE), and polytrifluorochloroethylene
(PCTFE) resin.

(6) In the self-lubricating fabric described 1n the above item
(1), the total fineness of the other yarns 1n the composite
yarns 15 5 to 300 dtex.

(7) In the self-lubricating fabric described 1n the above item
(1), the twist of the composite yarns 1s 100 to 500 T/m.

(8) The compression elasticity of the seli-lubricating fabric

described 1n the above item (1) 1s 85 to 95%.

(9) The shear stifiness of the seli-lubricating fabric described
in the above 1tem (1) 1s 5 to 15 gi/cm-deg.

(10) In the self-lubricating fabric described in the above item
(1), the absolute difference between the dynamic friction
coellicient 1n the warp direction and the dynamic friction
coetlicient 1n the wett direction 1s 0 to 0.05.

(11) The continuous abrasion lifetime of the self-lubricating
tabric described 1n the above 1item (1) 1s 100 to 400 h.
The present invention may attain the following beneficial

cllects: the seli-lubricating fabric 1s characterized by low
friction coethlicient, excellent wear resistance property and
high laminating strength, as well as simple production
process, low cost and zero pollution to the environment. The
tabric with low 1Iriction coeflicient can be applied to
mechanical moving parts. In addition, according to the
selective use of the other varns 1n the composite yarns, the
self-lubricating fabric may be used under different operating
conditions as appropriate, such as heavy-load and low-speed
condition, medium-load and medium-speed condition, and
light-load and high-speed condition, etc., especially under
extreme operating conditions such as high or low tempera-
ture, dust or liquid condition, efc.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The warp yvarns or welt yarns of the self-lubricating fabric
provided 1 embodiments of the present invention are com-
posite yarns formed from fluorinated resin yarns and other
yarns, the surface area of the other yarns on the surface side
or back side of the fabric takes up O to 30% of the total
surface area of the composite yarns, and the ratio of the
section diameter of the other yarns to the section diameter of
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the fluorinated resin yarns in the composite yarns 1s 0.12 to
0.80. If both the warp varns and welt yarns of the seli-
lubricating fabric use fluorinated resin yarns, a fabric layer
formed of fluorinated resin yarns will exist on both sides of
the resultant self-lubricating fabric. The self-lubricating fab-
ric must be bonded to the mechanical moving part when the
seli-lubricating fabric 1s used, but the laminating strength of
fluorinated resin yarns with the bonding agent 1s poor owing
to low surface energy of the fluorinated resin yarns; espe-
cially, under friction with external force, the self-lubricating
fabric may be stripped oll easily from the mechanical part at
the bonding position and fall off, thereby resulting eflicacy-
losing of the selt-lubricating fabric. If both the warp yarns
and welt yarns of the selif-lubricating fabric use other yarns
except fluorinated resin yarns, for example, 1t both the warp
yarns and welt varns use polyphenylene sulfide yarns or
cotton yarns, a fabric layer formed of the other yarns except
for fluormated resin yarns will exist on both sides of the
resultant seli-lubricating fabric. The seli-lubricating fabric
suflers friction with the counter surface when using the
seli-lubricating fabric, and other yarns except for fluorinated
resin yarns can’t form a seli-lubricating layer that attains a
friction reduction effect on the surface layer of the friction
counter surface as well as the high friction coetlicient of the
yarns except for fluorinated resin yarns, therefore, the coet-
ficient of friction between the self-lubricating fabric and the
counter surface 1s increased and the temperature of the
friction part 1s increased sharply. Consequently, the wearing
of the fabric 1s accelerated, so that the self-lubricating fabric
losses etliciency. In the case that one side of the fabric 1s
working as a self-lubricating fabric, as a friction surface, if
the surface area of the other yarns on the one surface of the
tabric (friction surface) takes up 30% or more of the total
surface area of the composite yarns (i.e., the percentage of
the fluormated resin yarmns in the friction surface 1s
decreased), the Self-lubncatlng property of the fabric will be
reduced and the friction coeflicient will be increased owing
to the frictional wearing producing by the action of external
torce when the fabric 1s applied to a bearing. Consequently,
the wearing of the self-lubricating fabric 1s aggravated, and
even the bearing may be damaged. The percentage of the
surface area of the other yarns to the total surface area of the
composite yarns 1s calculated with the following formula:
S=S,/(S; +S,)x100%, where, S, 1s the surface area of the
fluorinated resin yarns, and S, 1s the surface area of the other
yarns. IT the composite yarns employ other fineness yarns as
reinforcing yvarns and employ coarse denier fluorinated resin
yarns as functional yarns for obtaining self-lubricating prop-
erty and are processed through doubling and twisting the
other varns and the fluorinated resin yarns, composite yarns
in which the percentage of the surface area of the other yarns
to the total surface area of the composite yarns 1s 0% can be
obtained. In the case that the percentage of the surface area
of the other yarns to the total surface area of the composite
yarns 1s 0%, the surfaces of the composite yarns will be fully
covered by the fluorinated resin yarns. Thus, when the fabric
1s used as a seli-lubricating surface, the consecutive tluori-
nated resin yarns can form a continuous and uniform fluo-
rinated film layer more easily under the action of friction
force and cover the other yarns and under-layer yarns in the
composite yarns uniformly 1n the process of relative friction
movement with the counter wearing material, and thereby
cllectively protect the other yvarns and under-layer yarns
against wearing under the action of external force, attain a
better reinforcement eflect. Thus, the fabric provided 1n the
present invention may attain a self-lubricating effect, with
excellent wear resistance property and low friction coetl-
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cient. In the case of core-sheath composite yarns or covered
yarns, which are obtained through a process in which other
yarns are used as core yvarns and fluorinated resin yarns are
used as sheath yarns, the outer fluormated resin yarns have
to be treated by false-twist texturing and twined 1n layers on
the surface of the core yarns, 1in order to attain an effect that
the core yarns are fully covered. When the covering yarns
are used as warp yarns, the iriction between the flufly
fluorinated resin yarns in the outer layer and the mechanical
may be aggravated in the beam-warping and weaving pro-
cedures, and the fluorinated resin yarns may be flufled easily,
resulting in uneven shedding and fabric flushing, and even
yarn breaking at severe tluily positions and weaving failure;
when the covering varns are used as welt yarns, some
filaments may not be stressed during welt insertion under the
friction with the pigtail guide and welt accumulator, result-
ing in flaws such as slack welt yarns on the surface of the
tabric. In the fabric formed of the covering yarns, since the
fluorinated resin yarns float and form loop constructions on
the self-lubricating surface of the fabric, the self-lubricating
surface 1s not smooth, and the friction force 1s increased,
resulting 1n aggravated wearing. In addition, 1n consider-
ation of the possibility of untwisting owing to unwinding 1n
the beam-warping and weaving procedures of the composite
yarns, the percentage of the surface area of the other yarns
to the total surface area of the composite yarns preferably 1s
2 to 30%, more preferably 1s 5 to 30%.

The ratio of the section diameter of the other yarns to the
section diameter of the fluorinated resin yvarns in the com-
posite yarns that form the self-lubricating fabric in embodi-
ments of the present mnvention 1s 0.12 to 0.80. In view that
the other varns have high density, it 1s more suitable to
measure the thickness relationship between the other yarns
and the fluorinated resin yarns by section diameter ratio.
According to the calculation method of fiber section diam-
eter, under a condition of the same fineness, the section
diameter of glass fibers that have higher density 1s smaller
than the section diameter of other fibers that have ordinary
density. For example, the density of glass fibers of 400 dtex
fineness usually is 2.4 to 2.7 g/cm’, and the section diameter
1s 137 to 145 um; 1n contrast, the density of polyester fibers
of the same fineness (440 dtex) is 1.38 g/cm”, and the section
diameter 1s 192 um, higher than the section diameter of the
glass fibers by about 40%. Therefore, for fibers with higher
density, such as glass fibers, the ratio of the section diameter
of the other yarns to the section diameter of the fluorinated
resin yarns in the composite yarns 1s 0.12 to 0.80, preferably
1s 0.20 to 0.70. If the ratio of the section diameter of the other
yarns to the section diameter of the fluorinated resin yarns in
the composite yarns 1s lower than 0.12, the strength of the
obtained fabric will be too low, and the reinforcing eflect to
the strength of the fluormmated resin varns in the seli-
lubricating fabric will be degraded, resulting 1n degraded
overall abrasion proof of the self-lubricating fabric; 11 the
rati1o of the section diameter of the other yarns to the section
diameter of the fluorinated resin yarns in the composite
yarns 1s higher than 0.80, after the other yarns are compos-
ited with the fluorinated resin yarns, the percentage of the
surface area of the other yarns to the total surface area of the
composite yarns will be increased; consequently, the friction
coellicient of the fluormmated resin varn layer will be
increased, the wearing of the seli-lubricating fabric will be
aggravated, and even damages to the bearing may occur.

The exposed length of the other yarns on the self-lubri-
cating surface of the self-lubricating fabric in embodiments
of the present invention 1s 2.5 mm or smaller. If the exposed
length of the other yarns on the seli-lubricating surface of
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the self-lubricating fabric 1s 2.5 mm or smaller, under the
interaction between the seli-lubricating surface and the
counter wearing suriace, the fluorinated resin yarns will be
squeezed and extended under the action of external force,
part of fragmented tluorine detritus will be squeezed nto the
texture voids of the self-lubricating fabric, and the other part
of the fluorine detritus will uniformly cover the friction
surface, including the surfaces of exposed other yarns, under
the external force, and thereby form a fluorinated film layer;
in addition, the fluorinated film layer will be transferred
toward the friction counter surface. As a result, the friction
actually becomes Iriction between the fluorinated film lay-
ers, and thereby an excellent effect of low friction coeflicient
and long abrasion lifetime 1n the friction process is attained.
If the exposed length of the other varns 1s greater than 2.5
mm, the relative length of the other yarns that serve as the
friction surface will be increased, 1.¢., the relative length of
the fluorinated resin yarns that serve as the friction surface
will be decreased; consequently, the film-forming property
of the fluorinated resin yarns on the friction surface of the
seli-lubricating fabric will be affected, and 1t will be difficult
to form a continuous fluorinated film on the surface of the
other yarns. As a result, when the self-lubricating fabric 1s
applied to moving parts, e.g., a bearing, the friction coetl-
cient will be imncreased owing to frictional wearing under the
action of external force, the self-lubricating property of the
tabric will be degraded, the wearing of the self-lubricating
tabric will be aggravated, and even damages to the bearing
may occur. In view of the possibility of untwisting of the
composite yarns in the beam-warping and weaving proce-
dures, the exposed length of the other yarns preferably 1s 0.1
to 2.5 mm, more preferably 1s 0.2 to 2 mm.

The fluorinated resin yarns in embodiments of the present
invention are obtained by dispersing fluorinated resin par-
ticles 1n cellulose solution and treating the obtained mixed
liquid by wet-spinning, sintering, and stretching. Compared
with fluorinated resin yarns obtained with a tearing electret
f1lm method, which has non-uniform polygonal sections, the
fluorinated resin yarns obtained through a wet-spinning
process have uniform round sections, lower fineness devia-
tion, more uniform mechanical properties, higher durability,
and higher elongation property, and are very suitable for
weaving self-lubricating fabrics. In contrast, fluorinated
resin yarns obtained with a tearing electret film method have
irregular polygonal sections, very poor fineness uniformity,
and extremely low elongation property. Especially, when
such fluorinated resin yarns are used to weave high-density
textiles, the resultant textiles will have many flaws, and the
weaving operation will be very dithicult. If the fluorinated
resin yarns obtained with a tearing electret film method are
used to produce seli-lubricating fabrics, the resultant seli-
lubricating fabrics will have very poor bonding strength to
metal parts through bonding agent, and may be stripped ofl
casily under external force, and can’t be used normally.
However 1f the fluorinated resin yvarn obtained through a
wet-spinning process 1n the present invention are used to
produce self-lubricating fabrics, in the resultant self-lubri-
cating fabrics, the fluorinated resin yarns on the friction
surface will be fibrillated owing to friction under external
force, and the fluorine fiber fragments produced under
external force can form a uniform and dense fluorinated film,
and the fluormated film can be transferred toward the
friction counter surface under squeezing stress to form a
uniform fluorine transter film; thus, the self-lubricating
tabric and the friction counter surface can attain a relative
movement with a low friction coetlicient, and thereby a
lubricant-free seli-lubricating effect can be attained.

e
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In the seli-lubricating fabric provided in embodiments of
the present invention, the fluorinated resin yarns are yarns
formed from any one of polytetrafluoroethylene (PTFE),
dissoluble PTFE (PFA), polyvinylidene difluoride (PVDEF),
fluorinated ethylene propylene (FEP), ethylene-tetrafluoro-
cthylene copolymer (ETFE), and polytrifluorochloroethyl-
ene (PCTFE) resin. The fluorinated resin yarns preferably
are polytetrafluoroethylene (PTFE) vyarns and dissoluble
PTFE (PFA) varns, further preferably are PTFE yarns.

The other yarns 1n the self-lubricating fabric provided in
embodiments of the present invention are any one of poly-
ester, p-aramid, m-aramid, polyphenylene sulfide, polyim-
1ide, polybenzimidazole (PBI), and glass fiber. Any one of the
above-mentioned fibers can be composited with fluorinated
resin varns to produce the self-lubricating fabric provided in
the present invention, which not only has good mechanical
properties, low Iriction coethicient and simple production
process, but also can eflectively reduce the production cost.
In view that the fineness specification of the other yarns has
direct influence on the eflect of appearance obtained through
compositing processing with the fluorinated resin yarns, the
other fibers preferably are polyester, m-aramid, polyimide,
or glass fibers. Owing to the fact that polyester yarns have
high strength, and yarns with high fineness specification can
be produced through a relatively simple production process
at a low cost, the production cost of the fabric with low
friction coellicient can be reduced remarkably. Besides,
m-aramid (“polyisophthaloyl metaphenylene diamine” in
tull name, referred to as Aramid 1313 1n China) has an
outstanding heat resistance property, can be used at 220° C.
in a long term without being aged, and has excellent
dimensional stability. Specifically, m-aramid has thermal
shrinkage as low as 1% at about 250° C., and will not shrink
or not become brittle, softened or melted if 1t 1s exposed to
300° C. luigh temperature for a short time, and begins to
decompose only if the temperature exceeds 370° C. After
m-aramid 1s composited with fluorinated resin yarns, the
obtained yarns will not deform easily in high-temperature
environment and can eflectively prolong the service life of
the seli-lubricating fabrics.

The total fineness of the other varns in the composite
yarns that form the self-lubricating fabric 1n embodiments of
the present invention 1s S to 300 dtex, preferably 1s 20 to 250
dtex, more preferably 1s 40 to 200 dtex. If the fineness of the
other yarns 1n the composite yarns 1s too low, the strength of
the obtained fabric will be too low, and the reinforcing effect
to the strength of the fluorinated resin yvarns in the seli-
lubricating fabric will be degraded, resulting 1n degraded
overall abrasion proof of the self-lubricating fabric; 1f the
fineness of the other yarns 1n the composite yarns 1s too high,
alter the other yarns are composited with the fluorinated
resin yarns, the percentage of the surface area of the other
yarns to the total surface area of the composite yarns will be
increased, resulting 1n increased friction coetlicient of the
fluorinated resin yarn layer. In the service process, the
wearing with the mechanical moving part will be increased,
and thereby the overall service life of the self-lubricating
tabric will be shortened.

The twist of the composite yarns of the self-lubricating
fabric in embodiments of the present invention 1s 100 to 500
T/m. If the twist of the composite yarns 1s too low, the
covering eflect of the fluormnated resin yarns to the other
yarns 1n the composite yarn will be compromised, and the
sliding performance of the resultant seli-lubricating fabric
will be decreased severely. When the self-lubricating fabric
contacts with the mechanical moving part, the friction
resistance will be increased, the self-lubricating effect waill
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be lost, and the operating condition of the mechanical
moving part will be poor; 1t the twist of the composite yarns
1s too high, the composite yarns may shrink easily in the
beam-warping and weaving procedures, and the outer fluo-
rinated resin yarns 1n the composite yarns 1n the fabric may
have torsional deformation easily. Consequently, stress con-
centration may occur owing to friction under external force,
and shear force resistance gets worse, the friction may be
aggravated when working with the counter surface, and the
self-lubricating fabric will be worn more quickly and even
fail. In consideration of the production performance and
abrasion proof of the fabric, the twist of the composite yarns
in the self-lubricating fabric 1n the present invention pret-
erably 1s 100 to 400 T/m, more preferably 1s 150 to 300 T/m,
still more preferably 1s 200 to 300 T/m.

The compression elasticity of the seli-lubricating fabric 1n
embodiments of the present invention 1s 85 to 95%. When
the self-lubricating fabric has compressive deformation in
the thickness direction under external force, the thickness
change of the fabric will be aggravated i the compression
clasticity of the self-lubricating fabric 1s too low. Conse-
quently, the {it clearance between the self-lubricating fabric
and the mechanical part will be increased, the stress on the
mechanical moving part will be increased, and an eccentric
load phenomenon will occur. As a result, concentrated wear
on the self-lubricating fabric 1s increased rapidly, so that the
seli-lubricating fabric fails; 1f the compression elasticity of
the self-lubricating fabric 1s too high, the flufliness of the
tabric will be excessively high, the fabric layer will be thick,
and the fabric may have compressional deformation under
external force, thereby the fit clearance between the seli-
lubricating fabric and the mechanical part will be increased.
As a result, the wear of the self-lubricating fabric may be
increased, resulting in failure of the part.

The shear stifiness of the self-lubricating fabric 1n
embodiments of the present invention 1s 5 to 15 gl/cm-deg.
When the self-lubricating fabric and the friction counter
surface are 1n frictional contact and move 1n relation, if the
shear stiflness of the self-lubricating fabric i1s too low, the
deformation resistance performance of the fabric will be
decreased, the fabric maybe easy to have dimensional defor-
mation under a shearing action in the initial service stage,
and the self-lubricating fabric may even be damaged or
stripped off from the metal bonding surface, resulting 1n
damage of the mechanical moving part; 1f the shear stiflness
of the self-lubricating fabric 1s too high, the rigidity of the
tabric will be excessively high. Consequently, the seli-
lubricating fabric will be difficult to bend 1n the post-
treatment and will be diflicult to bond to the mechanical
moving part, bringing inconvenience to the processing work.

The absolute difference between the dynamic friction
coellicient of the self-lubricating fabric 1n the warp direction
and the dynamic friction coeflicient of the self-lubricating
fabric 1n the welt direction 1s O to 0.05. In view that the
seli-lubricating fabric has friction with the friction counter
surface at different angles 1n the service process, the seli-
lubricating fabric must have a relatively uniform frictional
characteristic. If the absolute diflerence between the
dynamic iriction coeflicient of the self-lubricating fabric 1n
the warp direction and the dynamic friction coetlicient of the
seli-lubricating fabric 1n the welt direction 1s too great, the
friction coefhicient will fluctuate severely in the Iriction
process, which 1s adverse to long-term stable operation of
the mechanical moving part and may easily lead to severe
wear ol the self-lubricating fabric in a direction 1n which the
friction coeflicient 1s relatively high. Consequently, the
deviation of working clearance between the portions of the
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mechanical part will be increased, and an eccentric load
phenomenon will occur, resulting 1n damage of the mechani-

cal part.

The continuous abrasion lifetime of the seli-lubricating
fabric in embodiments of the present invention 1s 100 to 400
h. The longer the continuous abrasion lifetime of the seli-
lubricating fabric, the longer the service life of the seli-
lubricating {fabric when the seli-lubricating {fabric 1s
assembled to the mechanical moving part under the same
conditions. That 1s helptul for reducing the production cost
of the part. If the continuous abrasion lifetime of the
self-lubricating fabric 1s too short, the overall service life of
the mechanical moving part will be shortened, and the
production cost of the equipment will be increased.

The method for producing the seli-lubricating fabric in
embodiments of the present invention comprises preparing
base varmns—doubling—twisting—beam-warping—weav-
ing—ypost-treatment. Specifically, the method comprises the
tollowing steps: (a) doubling a fluorinated resin yarn with
other yarn, wherein, the difference between the dry-hot
shrinkage of the other yvarn and the dry-hot shrinkage of the
fluorinated resin yarn 1s 0.5 to 30%; (b) twisting the fluo-
rinated resin yarn and the other yarn 1n a twisting direction
that 1s the same as the unwinding direction of the fluorinated
resin yarn and of the other yarn under a condition of 30 to
600 T/m twist, to obtain a composite yarn; (¢) using the
obtained composite yarns as warp yarns or welt yarns, and
carryving out beam-warping and weaving to obtain grey
cloth; (d) processing the obtained grey cloth by scouring,
water washing, drying, and thermoforming at 180 to 210°
C., so as to obtain a finished product finally.

If the difference 1n dry-hot shrinkage between the other
yarns and the fluorinated resin yarns 1s smaller than 0.5%,
alter the grey cloth woven from the composite yarns is
thermoformed, the proportion of surface area of exposed
other yarns 1n the composite yarns will be increased because
the other yarns 1n the fabric will be affected by the shrinkage,
resulting the shrinkage of the other yarns 1n the fabric 1s too
close to the shrinkage of the PTFE yarns. Consequently, the
friction coeflicient of one side of the fabric will be increased,
and the self-lubricating property of the fabric 1n the service
process will be aflected; 11 the difference i dry-hot shrink-
age between the other yarns and the fluorinated resin yarns
1s greater than 30%, after the grey cloth woven from the

composite yarns 1s thermoformed, the emboss length of the
fluorinated resin yarns 1n the composite yarns on the surface
ol the fabric will be great because the shrinkage of the other
yarns 1n the fabric 1s too high. Consequently, the surface
smoothness of the fabric will be afiected; besides, owing to
the severe shrinkage of the other yarns, the strength damage
of the fabric will be too severe and the overall abrasion proof
of the self-lubricating fabric will be aflected. Theretfore, 1n
consideration of the seli-lubricating property and abrasion
proof of the final product, the difference in dry-hot shrinkage
between the other yvarns and the fluorinated resin yarns
preferably 1s 0.5 to 20%, more preferably 1s 0.5 to 10%.

The thermoforming temperature in the post-treatment 1s
180 to 210° C., so that the internal stress in the fabric
generated 1n the weaving procedure can be eliminated, and
the dimensional change of the fabric will be very small and
the shape of the fabric will be stable when the fabric 1s used
under that temperature range. I the thermoforming tempera-
ture 1s lower than 180° C., since high temperature 1s gen-
erated owing to friction in the service process of the fabric,
the fabric may shrink and have dimensional change in shape,
or even be stripped offl; 11 the thermoforming temperature 1s
higher than 210° C., the overall abrasion proof of the
self-lubricating fabric will be aflected.
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Hereunder the present invention will be further detailed 1n
Examples. The properties of the materials 1in the following
Examples are measured with the following methods.
[Percentage of the Surface Area of the Other Yarns to the
Total Surface Area of the Composite Yarns]

A 200x enlarged photograph of the fluormated resin yamn
layer (1.e., the friction surface of the seli-lubricating fabric)
of the selt-lubricating fabric 1s taken, and the surface area S,
of the fluorinated resin yvarns and the surface area S, of the
other yarns in the photograph are measured respectively. The

percentage of the surface area of the other yarns 1s S,/(S, +
S,)x100%.

|[Exposed Length of the Other Yarns]

A sample of the fabric 1s taken, the self-lubricating surface
that contains composite yarns in the fabric 1s observed under
a digital microscope. At 50x magnification, the length values
of the two ends of the other yarns in the composite yarns are
measured, and the average length of the two ends of the
other varns 1 200 groups 1s calculated as the calculation
result of the exposed length of the other yarns in the fabric.
[Cross Section]

A sample of cross section of the fluorinated resin yvamn 1s
obtained with a copper plate method, and the cross section
of the yarn 1s observed under an optical microscope.
[Fineness]

A yarn sample 1s wound by 100 turns on a measuring reel,
in 1 m length per turn, at 120 rpm rotation speed, according
to the test method specified 1n the subsection 8.3 1n JIS
[.-1017-2002; then, the sample 1s removed from the mea-
suring reel and knotted, and dried 1n an oven at 105x2° C.
temperature for 2 h or longer time. Then, the sample 1s taken
out from the oven, and weighed on a precision balance, to
obtain absolute dry weight. The fineness 1s calculated with
the following formula: d=M'x10000x(1+Rc/100)/L., where:

d: Fineness (dtex)

Rc: Conventional moisture regain (%)

M'": Absolute dry weight of the sample (g)

L: Length of the sample (m)

[Section Diameter of Yarn]

The section diameter of the yvarn 1s calculated with the

tollowing formula:

100
3.14

Density(g/cm?)

x fitness(drex)

%2

Section diameter (um) =

[ Twist]

Composite varns in 50 cm length are tested with an
untwist-retwist method with a yarn twist tester, 5 groups of
samples are tested consecutively, and the average value of
the test results 1 the 5 times 1s taken as the final test result
of twist of the composite yarn sample.

[Compression Elasticity]

The thickness T, of a sample 1s measured at 100 gf
pressure on a SE-15 compression eclasticity tester in a
standard mode; then, the pressure 1s increased to 600 gi, the
sample 1s held for 1 min., and then the thickness T, of the
sample 1s measured; next, the pressure 1s removed and keep
the sample for 1 min., and the thickness T; of the sample at
100 gf pressure 1s measured. The accuracy 1s 0.01 mm. The
compression elasticity 1s calculated with the following for-
mula:

Compression elasticity (%)=(15-15)/(T—15)x100%.

[Shear Stifiness]
A 20 cmx20 cm sample 1s fixed to a flat surface of the

tester by means of a fixing device. The fixing device 1s
controlled to move from the origin position to right, so that
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the shearing angle 1s increased from 0° to 8°. Then, the
fixing device 1s returned to the origin position and further
moved to left, so that the shearing angle 1s increased from 0°
to —8°. Next, the fixing device 1s returned to the origin
position again. The shear stiflness 1s calculated with the
tollowing formula:

Shear stiffness G{gt/cm-deg)=(Gf+Gb)/2,

Where, Gf: 0.5° to 5° inclination;

Gb: -5° to -0.5° inclination
[Dynamic Friction Coeflicient]

The test 1s performed on a iriction coellicient tester
(model: IT-RC, from INTEC). The testing method 1s as
follows: A 50 mmx150 mm sample 1s closely attached and
fixed to a friction table, and a piece of SUS304BA metal
plate 1s used as the friction counter material. 250 g weight
1s applied to the friction table, and the test 1s carried out at
50 ram/min. speed. 5 groups of data of the sample are
obtained 1n warp direction and welt direction respectively,
and the average value of the test results 1n the 5 times 1s
taken as the final test result of the sample. The friction
coellicient 1s calculated with the following formula:

u=t/N

w: Dynamic friction coeflicient

f: Dynamic friction force (IN)

N: Normal pressure borne on the sample (N)
| Abrasion Lifetime]

The test 1s performed on an abrasion tester according to
the test method specified in JIS K7218. The testing method
1s as follows: A fabric sample in 70 mm diameter 1s fixed on
a sample table of the abrasion tester, the friction counter
material for the sample 1s a hollow metal ring with 0.03 to
0.05 um average surface roughness, and the effective contact
area between the ring and the sample is 600 mm?, the test
load 1s set to 12000 N, and the test 1s carried out at 40 rpm
speed (about 3 m/min. of linear speed). 5 groups of data are
obtained, and the average value of the test results in 5 times
1s taken as the final test result of the sample.

EXAMPLE 1

Composite yarns obtained by doubling PTFE filament
yarns with round section and polyester filament yarns with
round section (the difference 1n dry-hot shrinkage between
the polyester filament yarns and the PTFE filament yarns 1s
9.5%) and twisting in a twisting direction that 1s the same as
the unwinding direction of the polyester filament yarns and
of the PTFE filament yarns under a condition of 210 T/m
twist are used as warp yarns; polyester yarns of 26 s/2 (454
dtex) fineness are used as welt yarns; the obtamned warp
yvarns and welt yarns are treated by beam-warping and
woven on a rapier loom to obtain warp faced satin grey
cloth; the obtained grey cloth 1s post-treated by scouring,
water washing, drying, and thermoforming at 190° C. to
obtain the self-lubricating fabric described in the present
invention finally; the finally obtained fabric 1s treated by wet
adjustment 1n an environment at 20+£2° C. temperature and

65x4% humadity. The properties of the fabric are assessed
and shown 1n Table 1.

EXAMPLE 2

PPS filament yarns of 220 dtex fineness are used as warp
yarns; composite yarns obtained by doubling PFA filament
yarns with round section and PPS filament yarns with round
section (the difference 1n dry-hot shrinkage between the PPS
filament yarns and the PFA filament yarns 1s 6.2%) and
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twisting 1n a twisting direction that i1s the same as the
unwinding direction of the filament yarns under a condition
of 200 T/m twist are used as welt yarns; the obtained warp
yvarns and welt yarns are treated by beam-warping and
woven on a rapier loom to obtain wett faced twill grey cloth;
the obtained grey cloth i1s post-treated by scouring, water

washing, drying, and thermoforming at 200° C. to obtain the
self-lubricating fabric described in the present invention

finally; the finally obtained fabric 1s treated by wet adjust-
ment 1n an environment at 20+2° C. temperature and 65+4%

humidity. The properties of the fabric are assessed and
shown 1n Table 1.

EXAMPLE 3

Composite yarns obtained by doubling PTFE filament
yarns with round section and m-aramid yarns with round
section (the difference in dry-hot shrinkage between the
m-aramid yarns and the PTFE filament yarns 1s 0.6%) and
twisting 1n a twisting direction that i1s the same as the
unwinding direction of the m-aramid yarns and of the PTFE
filament yarns under a condition of 260 T/m twist are used
as warp yarns; m-aramid yarns of 40 s (147 dtex) fineness
are used as welt yarns; the obtained warp yvarns and welt
yarns are treated by beam-warping and woven on a rapier
loom to obtain warp faced twill grey cloth; the obtained grey
cloth 1s post-treated by scouring, water washing, drying, and
thermoforming at 210° C. to obtain the self-lubricating
tabric described in the present invention finally; the finally
obtained fabric 1s treated by wet adjustment 1n an environ-
ment at 20x£2° C. temperature and 65x4% humidity. The
properties of the fabric are assessed and shown in Table 1.

EXAMPLE 4

Glass fiber filament yarns of 220 dtex fineness are used as
warp varns; composite yarns obtained by doubling PVDF
filament yarns with round section and glass fiber filament
yarns with round section (the difference 1n dry-hot shrinkage
between the glass fiber filament yarns and the PVDF fila-
ment yarns 1s 1.2%) and twisting 1n a twisting direction that
1s the same as the unwinding direction of the glass fiber
fillament varns and of the PVDF filament yarns under a
condition of 140 T/m twist are used as welt yarns; the
obtained warp yvarns and welt yarns are treated by beam-
warping and woven on a rapier loom to obtain welt faced
twill grey cloth; the obtained grey cloth i1s post-treated by
scouring, water washing, drying, and thermoforming at 200°
C. to obtain the self-lubricating fabric described 1n the
present invention finally; the finally obtained fabric 1s
treated by wet adjustment 1n an environment at 20+2° C.
temperature and 65+4% humidity. The properties of the
tabric are assessed and shown in Table 1.

EXAMPLE 5

Composite yarns obtained by doubling PEP filament
yarns with round section and polyester filament yarns with
round section (the difference 1n dry-hot shrinkage between
the polyester filament yvarns and the FEP filament yarns 1s
12.4%) and twisting 1n a twisting direction that 1s the same
as the unwinding direction of the filament yarns under a
condition of 160 T/m twist are used as warp yarns; polyester
fillament yarns of 240 dtex fineness are used as welt yarns;
the obtained warp varns and welt yarns are treated by
beam-warping and woven on a rapier loom to obtain warp
faced satin grey cloth; the obtained grey cloth 1s post-treated
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by scouring, water washing, drying, and thermoforming at
180° C. to obtain the seli-lubricating fabric described in the
present invention finally; the finally obtained fabric 1s
treated by wet adjustment 1n an environment at 20£2° C.
temperature and 65+4% humidity. The properties of the
tabric are assessed and shown in Table 1.

EXAMPLE 6

P-aramid filament yarns of 220 dtex fineness are used as
warp yarns; composite yvarns obtained by doubling ETFE
filament yvarns with round section and p-aramid filament
yarns with round section (the difference 1n dry-hot shrinkage
between the p-aramid filament yarns and the ETFE filament
yarns 1s 3.8%) and twisting 1n a twisting direction that 1s the
same as the unwinding direction of the p-aramid filament
yarns and of the ETFE filament yarns under a condition of
80 T/m twist are used as welt yarns; the obtained warp yarns
and welt yarns are treated by beam-warping and woven on
a rapier loom to obtain welt faced satin grey cloth; the
obtained grey cloth 1s post-treated by scouring, water wash-
ing, drying, and thermoforming at 190° C. to obtain the
seli-lubricating fabric described in the present invention
finally; the finally obtained fabric 1s treated by wet adjust-
ment 1n an environment at 20+2° C. temperature and 65x4%
humidity. The properties of the fabric are assessed and

shown 1n Table 1.

EXAMPLE 7

Composite yarns obtained by doubling PTFE filament
yarns with round section and m-aramid yarns with round
section (the difference in dry-hot shrinkage between the
m-aramid varns and the PTFE filament yarns 1s 0.9%) and
twisting 1n a twisting direction that 1s the same as the
unwinding direction of the above yarns under a condition of
220 T/m twist are used as warp yarns; m-aramid yarns of 60
s (98 dtex) fineness are used as welt yarns; the obtained warp
yvarns and welt yarns are treated by beam-warping and
woven on a rapier loom to obtain welt faced twill grey cloth;
the obtained grey cloth i1s post-treated by scouring, water
washing, drying, and thermoforming at 200° C. to obtain the
seli-lubricating fabric described in the present invention
finally; the finally obtained fabric 1s treated by wet adjust-
ment 1n an environment at 20+2° C. temperature and 65+4%
humidity. The properties of the fabric are assessed and
shown 1n Table 1.

EXAMPLE 8

Polyimide yarns of 40 s (147 dtex) fineness are used as
warp varns; composite yarns obtained by doubling PTFE
filament yarns with round section and polyimide yarns with
round section (the difference 1n dry-hot shrinkage between
the polyimide yarns and the PTFE filament yvarns 1s 2.1%)
and twisting 1n a twisting direction that 1s the same as the
unwinding direction of the above yarns under a condition of
250 T/m twist are used as welt yarns; the obtained warp
yvarns and welt yarns are treated by beam-warping and
woven on a rapier loom to obtain welt faced satin grey cloth;
the obtained grey cloth i1s post-treated by scouring, water
washing, drying, and thermoforming at 210° C. to obtain the
seli-lubricating fabric described in the present invention
finally; the finally obtained fabric 1s treated by wet adjust-
ment 1n an environment at 20+2° C. temperature and 65+4%
humidity. The properties of the fabric are assessed and

shown 1in Table 1.
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EXAMPLE 9

Composite yarns obtained by doubling PTFE filament
yarns with round section and polyester filament yarns with
round section (the difference 1n dry-hot shrinkage between
the polyester filament yarns and the PTFE filament yarns 1s
28.5%) and twisting 1n a twisting direction that 1s the same
as the unwinding direction of the polyester filament yarns
and of the PTFE filament yarns under a condition of 180 T/m
twist are used as warp yarns; polyester yarns of 52 s/4 (454
dtex) fineness are used as welt yarns; the obtained warp
yvarns and welt yvarns are treated by beam-warping and
woven on a rapier loom to obtain warp faced twill grey
cloth; the obtained grey cloth 1s post-treated by scouring,
water washing, drying, and thermoforming at 190° C. to
obtain the self-lubricating fabric described in the present
invention finally; the finally obtained fabric 1s treated by wet
adjustment 1n an environment at 20x2° C. temperature and

65+4% humidity. The properties of the fabric are assessed
and shown 1n Table 1.

EXAMPLE 10

Composite yarns obtained by doubling PTFE filament
yarns with round section and polyester filament yarns with
round section (the difference 1n dry-hot shrinkage between
the polyester filament yarns and the PTFE filament yarns 1s
5.0%) and twisting 1n a twisting direction that 1s the same as
the unwinding direction of the polyester filament yarns and
of the PTFE filament yarns under a condition of 400 T/m
twist are used as warp varns; polyester yarns of 26 s/2 (454
dtex) fineness are used as welt yarns; the obtained warp
yvarns and welt yarns are treated by beam-warping and
woven on a rapier loom to obtain warp faced satin grey
cloth; the obtained grey cloth 1s post-treated by scouring,
water washing, drying, and thermoforming at 190° C. to
obtain the self-lubricating fabric described in the present
invention {inally; the finally obtained fabric 1s treated by wet
adjustment 1n an environment at 20+2° C. temperature and

65+4% humidity. The properties of the fabric are assessed
and shown 1n Table 1.

EXAMPL.

L1

11

Composite yarns obtained by doubling PTFE filament
yarns with round section and PPS filament yarns with round
section (the difference 1n dry-hot shrinkage between the PPS
filament yarns and the PTFE filament varns 1s 3.1%) and
twisting in a twisting direction that 1s the same as the
unwinding direction of the PPS filament yvarns and of the
PTFE filament yarns under a condition of 220 T/m twist are
used as warp varns; PPS varns of 20 s/2 (562 dtex) fineness
are used as welt yarns; the obtained warp yarns and welt
yarns are treated by beam-warping and woven on a rapier
loom to obtain warp faced satin grey cloth; the obtained grey
cloth 1s post-treated by scouring, water washing, drying, and
thermoforming at 200° C. to obtain the self-lubricating
tabric described in the present invention finally; the finally
obtained fabric 1s treated by wet adjustment 1n an environ-
ment at 20+£2° C. temperature and 65£4% humidity. The
properties of the fabric are assessed and shown 1n Table 1.

EXAMPLE 12

Composite yarns obtained by doubling PTFE filament
yarns with round section and m-aramid yarns with round
section (the difference in dry-hot shrinkage between the
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m-aramid yarns and the PTFE filament yarns 1s 2.6%) and
twisting 1n a twisting direction that 1s the same as the

[ 1

unwinding direction of the m-aramid yarns and of the PTFE
filament yarns under a condition of 180 T/m twist are used
as warp varns; m-aramid varns of 16 s/2 (738 dtex) fineness
are used as welt yarns; the obtained warp yarns and welt
yarns are treated by beam-warping and woven on a rapier
loom to obtain warp faced twill grey cloth; the obtained grey
cloth 1s post-treated by scouring, water washing, drying, and
thermoforming at 210° C. to obtain the self-lubricating
tabric described in the present invention finally; the finally
obtained fabric 1s treated by wet adjustment 1n an environ-
ment at 20+£2° C. temperature and 65x4% humidity. The
properties of the fabric are assessed and shown in Table 1.

EXAMPL.

(Ll

13

Composite yarns obtained by doubling PTFE filament
yarns with round section and polyester filament yarns with
round section (the difference 1n dry-hot shrinkage between
the polyester filament yarns and the PTFE filament yarns 1s
8.2%) and twisting 1n a twisting direction that 1s the same as
the unwinding direction of the polyester filament yarns and
of the PTFE filament yarns under a condition of 120 T/m
twist are used as warp yarns; polyester yarns of 21 s/2 (562
dtex) fineness are used as welt yarns; the obtained warp
yvarns and welt yarns are treated by beam-warping and
woven on a rapier loom to obtain warp faced twill grey
cloth; the obtained grey cloth 1s post-treated by scouring,
water washing, drying, and thermoforming at 180° C. to
obtain the self-lubricating fabric described in the present
invention finally; the finally obtained fabric 1s treated by wet
adjustment 1n an environment at 20+£2° C. temperature and
65+x4% humidity. The properties of the fabric are assessed
and shown 1n Table 1.

EXAMPL.

L1l

14

Composite yarns obtained by doubling PTFE filament
yarns with round section and polyester filament yarns with
round section (the difference 1n dry-hot shrinkage between
the polyester filament yarns and the PTFE filament yarns 1s
7.5%) and twisting 1n a twisting direction that 1s the same as
the unwinding direction of the polyester filament yarns and
of the PTFE filament yarns under a condition of 3350 T/m
twist are used as warp yarns; polyester yarns of 26 s/2 (454
dtex) fineness are used as welt yarns; the obtained warp
yvarns and welt yarns are treated by beam-warping and
woven on a rapier loom to obtain warp faced twill grey
cloth; the obtained grey cloth 1s post-treated by scouring,
water washing, drying, and thermoforming at 190° C. to
obtain the self-lubricating fabric described in the present
invention finally; the finally obtained fabric 1s treated by wet
adjustment 1n an environment at 20+£2° C. temperature and
65x4% humadity. The properties of the fabric are assessed
and shown 1n Table 1.

The seli-lubricating fabrics produced 1n the examples 1 to
14 can be applied to mechanical moving parts.

COMPARAIIVE

EXAMPLE 1

Composite yarns obtained by doubling PTFE filament
yarns with 1rregular polygonal section and polyester filament
yarns with irregular polygonal section, which are produced
with a tearing electret film method (the difference 1n dry-hot
shrinkage between the polyester filament yarns and the
PTFE filament yarns 1s 2.1%) , and twisting 1n a twisting
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direction that i1s the same as the unwinding direction of the
polyester filament yarns and of the PTFE filament yarns
under a condition of 230 T/m twist are used as warp yarns;
polyester filament yvarns of 220 dtex fineness are used as
welt yvarns; the obtained warp varns and welt yarns are
treated by beam-warping and woven on a rapier loom to
obtain warp faced twill grey cloth; the obtained grey cloth 1s
post-treated by scouring, water washing, drying, and ther-

moforming at 200° C. to obtain a fabric finally; the finally
obtained fabric 1s treated by wet adjustment 1n an environ-
ment at 20£2° C. temperature and 65x4% humidity. The

properties of the fabric are assessed and shown 1n Table 2.

COMPARATIV.

L1l

EXAMPLE 2

PTFE filament yarns with round section are used as warp
yarns and welt yarns, and the yarns are woven on a rapier
loom to obtain grey cloth with tabby. The obtained grey
cloth 1s post-treated by scouring, water washing, drying, and
thermoforming at 210° C. to obtain a fabric finally. The
finally obtained fabric 1s treated by wet adjustment 1n an
environment at 20+2° C. temperature and 65£4% humadity.

The properties of the fabric are assessed and shown 1n Table
2.

COMPARATIV.

EXAMPLE 3

(Ll

P-aramid filament yarns are used as warp yarns, PTFE
filament yarns with 1rregular polygonal section produced
with a tearing electret film method are used as welt yarns,
and the warp yarns and welt yarns are woven on a rapier
loom to obtain welt faced satin grey cloth. The obtained grey
cloth 1s post-treated by scouring, water washing, drying, and
thermotforming at 200° C. to obtain a fabric finally. The
finally obtained fabric 1s treated by wet adjustment 1n an
environment at 20+2° C. temperature and 65£4% humadity.

The properties of the fabric are assessed and shown 1n Table
2.

COMPARAIITV.

L1

EXAMPLE 4

Composite yarns obtained by doubling PTFE filament
yarns with round section and polyester filament yarns with
round section (the difference 1n dry-hot shrinkage between
the polyester filament yarns and the PTFE filament yarns 1s
37.5%) and twisting 1n a twisting direction that 1s opposite
to the unwinding direction of the polyester filament yarns
and of the PTFE filament yarns under a condition of 200 T/m
twist are used as warp yarns; polyester filament yarns of 220
dtex fineness are used as welt yarns; the obtained warp yarns
and welt yarns are treated by beam-warping and woven on
a rapier loom to obtain grey cloth with tabby; the obtained
grey cloth 1s post-treated by scouring, water washing, dry-
ing, and thermoforming at 180° C. to obtain a fabric finally;
the finally obtained fabric is treated by wet adjustment in an
environment at 20+2° C. temperature and 65£4% humadity.
The properties of the fabric are assessed and shown 1n Table

2.

COMPARAIITV.

L1

EXAMPLE 5

Composite yarns obtained by doubling PTFE filament
yarns with round section and PPS yarns with round section
(the difference 1n dry-hot shrinkage between the PPS yarns
and the PTFE filament yvarns 1s 2.5%) and twisting 1n a
twisting direction that 1s opposite to the unwinding direction
of the polyester filament yvarns and of the PITFE filament
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yarns under a condition of 120 T/m twist are used as warp
yarns; PPS yarns of 20 S/2 (590.5 dtex) fineness are used as
welt yvarns; the obtained warp yarns and welt yarns are
treated by beam-warping and woven on a rapier loom to
obtain warp faced satin grey cloth; the obtained grey cloth 5
1s post-treated by scouring, water washing, drying, and
thermoforming at 180° C. to obtain a fabric finally; the
finally obtained fabric 1s treated by wet adjustment 1n an
environment at 20+£2° C. temperature and 65+4% humadity.

The properties of the fabric are assessed and shown 1n Table 10
2.

18
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TABLE 2
Comparative Comparative Comparative Comparative Comparative
Test Item Example 1 Example 2 Example 3 Example 4 Example 5
Warp yarn 1 PTFE (tearing PTFE filament yarn  P-aramud filament PTFE filament yarn PTFE filament yam
electret film method) yarn (wet method) (wet method)
2 Polyester filament Polyester filament PPS varn
yarn yarn
Welt varn 1 Polyester filament PTFE filament yarn PTFE filament yarn  Polyester filament PPS varn
2 yarn yarn
Cross-sectional shape [rregular polygon Round Irregular polygon Round Round
Fineness of fluorinated resin vyarns 480 440 480 220 890
(dtex)
Fineness of other varns in the composite 220 — — 220 454
yarns (dtex) (26 S/2)
Twist of composite yvarns (1/m) 230 — — 200 120
Fabric texture Warp faced twill Tabby Wefit faced satin Tabby Warp faced satin
Percentage of surface area of 41 — — 60 27
the other yarns (%o)
Exposed length of the other varns (mm) 2.67 — — 3.21 1.77
Ratio of section diameter 0.87 — — 1.29 0.94
Compression elasticity (%) 71.8 80.5 73.5 79.1 87.0
Shear stifiness (gf/m - deg) 4.3 3.7 5.8 4.3 7.6
Dynamic friction coefficient in 0.110 0.094 0.191 0.107 0.083
warp direction
Dynamuic friction coefficient in 0.185 0.070 0.123 0.163 0.102
welt direction
Absolute difference between dynamic 0.075 0.024 0.068 0.056 0.019
friction coeflicient 1n warp direction
and dynamic friction coeflicient in
welt direction
Abrasion lifetime (Hr) 1.5 1.1 2.5 12.5 43
The 1nvention claimed 1s: 30 8. The self-lubricating fabric according to claim 1, char-

1. A self-lubricating fabric, characterized in that, warp
yarns or welt yarns of the fabric are composite yarns formed
from fluorinated resin yarns and non-fluorinated resin yarns,
a surface area of the non-fluorinated resin varns on one
surface of the fabric takes up 0 to 30% of the total surface
area of the composite yarns, and the ratio of a section
diameter of the non-fluorinated resin yarns to a section
diameter of the fluorinated resin yarns in the composite

yarns 1s 0.12 to 0.80.

2. The self-lubricating fabric according to claim 1, char-
acterized 1n that, an exposed length of the non-fluorinated
resin yarns on a self-lubricating surface of the fabric 1s 2.5
mm or smaller.

3. The self-lubricating fabric according to claim 2, char-
acterized 1n that, the surface area of the non-fluorinated resin
yarns on one surtace of the fabric takes up 2 to 30% of the
total surface area of the composite yarns, and the exposed
length of the non-fluorinated resin yarns on the self-lubri-
cating surface of the fabric 1s 0.1 to 2.5 mm.

4. The self-lubricating fabric according to claim 2, char-
acterized 1n that, the surface area of the non-fluorinated resin
yarns on one surface of the fabric takes up 5 to 30% of the
total surface area of the composite yarns, and the exposed
length of the non-fluorinated resin yarns on the self-lubri-
cating surface of the fabric 1s 0.2 to 2 mm.

5. The seli-lubricating fabric according to claim 1, char-
acterized in that, the fluorinated resin yarns are yarns formed
from any one of polytetratluoroethylene (PTFE), dissoluble
PTFE (PFA), polyvinylidene difluoride (PVDF), fluorinated
cthylene propylene (FEP), ethylene-tetratluoroethylene
copolymer (ETFE), and polytrifluorochloroethylene
(PCTFE) resin.

6. The seli-lubricating fabric according to claim 1, char-
acterized 1n that, the total fineness of the non-fluorinated
resin yarns in the composite yarns 1s 5 to 300 dtex.

7. The self-lubricating fabric according to claim 1, char-
acterized 1n that, a twist of the composite yarns 1s 100 to 500
T/m.
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acterized 1n that, the compression elasticity of the seli-
lubricating fabric 1s 85 to 95%.

9. The self-lubricating fabric according to claim 1, char-
acterized 1n that, the shear stifiness of the self-lubricating
fabric 1s 5 to 15 gi/cm-deg.

10. The seli-lubricating fabric according to claim 1,
characterized in that, the absolute diflerence between the
dynamic friction coeflicient of the self-lubricating fabric 1n
the warp direction and the dynamic friction coethicient of the
seli-lubricating fabric 1 the welt direction 1s 0 to 0.03.

11. The seli-lubricating fabric according to claim 1,
characterized 1n that, the continuous abrasion lifetime of the

seli-lubricating fabric 1s 100 to 400 h.

12. Use of the self-lubricating fabric according to claim 1
in mechanical moving parts.

13. The seli-lubricating fabric according to claim 1,
wherein the non-tfluorinated resin yarns comprises yarns
selected from polyester, p-aramid, m-aramid, polyphenylene
sulfide, polyimide, polybenzimidazole (PBI), and glass fiber.

14. A method for producing the self-lubricating fabric
according to claim 1, comprising:

(a) preparing base yarns of a fluorinated resin yarn and a

non-tluorinated resin yarn;

(b) doubling the fluorinated resin yarn with the non-
fluorinated resin varn, wherein, the difference between
the dry-hot shrinkage of the non-fluorinated resin yamn
and the dry-hot shrinkage of the fluorinated resin varn
1s 0.5 to 30%:

(¢) twisting the fluornated resin yarn and the non-fluo-
rinated resin yarn 1n a twisting direction that 1s the same
as an unwinding direction of the fluorinated resin yamn
and of the non-fluorinated resin yarn under a condition
of 50 to 600 T/m twist, to obtain a composite yarn;

(d) using the obtained composite yarns as warp yarns or
welt yarns, and carrying out beam-warping and weav-
ing to obtain grey cloth;
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() processing the obtained grey cloth by scouring, water
washing, drying, and thermoforming at 180 to 210° C.,
so as to obtain a fimshed product finally.

G e x Gx ex
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